Introduction {#s0001}
============

Inflammation is a physiological response that protects organisms from damage caused by a pathogen infection and/or tissue damage. However, tissue damage can worsen when there is failure to remove sufficient numbers of inflammatory cells or to control the expression of proinflammatory molecules at sites of inflammation.[@cit0001] Therefore, unraveling the mechanisms that regulate inflammatory reactions is crucial if we are to understand and modulate pathogenic processes.

Among the key players in inflammatory cascades are toll-like receptors (TLRs), major sensors for pathogen or host-modified molecules. Therefore, the activation and signaling of these molecules is a tightly regulated process, in which autophagy has recently been described to actively participate.[@cit0003] In fact, it has been proposed that autophagy is an effector or a regulator of many aspects of innate immunity and inflammation.[@cit0003]

Under inflammatory conditions, tissue macrophages (MФ) synthesize the protein CD5L/AIM/Spalpha/API6 (CD5 molecule-like). We previously found that this protein modulates TLR activation of monocytes, thereby participating in the control of inflammatory reactions.[@cit0005] CD5L is a secreted 40-kDa glycoprotein that contains 3 scavenger receptor cysteine-rich (SRCR) domains[@cit0006] and belongs to a structural family of proteins called the SRCR-super family.[@cit0008] CD5L is also detected in relatively high amounts in serum,[@cit0009] where it circulates associated with IgM[@cit0009] and modulates its homeostasis by contributing to autoantibody production in obesity.[@cit0015] Moreover, given that CD5L modulates the activity of MФ, this protein has been implicated in a wider spectrum of biological functions, including the pathogenesis of several infectious and inflammatory processes, including cancer.[@cit0016] Early results from transgenic mice overexpressing CD5L indicate that this molecule supports the survival and phagocytic activity of MФ in liver inflammatory lesions in fulminant hepatitis.[@cit0020] In 2 additional animal models, CD5L overexpression in myeloid-specific or alveolar type II epithelial cells induces lung adenocarcinoma in mice.[@cit0021] More recently, CD5L function has been linked to metabolic disorders subsequent to obesity. In this regard, this protein is incorporated into adipocytes, thereby modifying adipocyte lipid metabolism and thus resulting in the induction of adipocyte inflammation.[@cit0024] Interestingly, CD5L incorporation into adipocytes is mediated through scavenger receptor CD36. In fact, CD5L may also be internalized into MФ through CD36, suggesting that this scavenger receptor may serve as its cellular receptor for endocytosis.[@cit0024] CD5L is also involved in atherosclerosis as it facilitates MФ survival within atherosclerotic lesions.[@cit0022] More recently, our group has demonstrated that CD5L increases MФ foam cell formation and CD36-mediated oxidized low-density lipoprotein (oxLDL) uptake.[@cit0026]

CD36 is an 88-kDa transmembrane glycoprotein expressed in a wide variety of cell types, such as those of the microvascular endothelium, "professional" phagocytes (including MФ, dendritic cells, and microglia) and retinal pigment epithelium, erythroid precursors, hepatocytes, adipocytes, cardiac and skeletal myocytes, and specialized epithelia of the breast, kidney, and gut.[@cit0027] Accumulating evidence shows that CD36 recognizes many types of ligands, including thrombospondin,[@cit0028] *Plasmodium falciparum*,[@cit0029] bacterial cell wall components,[@cit0031] phosphatidylserine, and oxidized phosphatidylserine that are expressed on the surface of apoptotic cells,[@cit0032] and oxLDL,[@cit0033] among others. The multivariate ligand recognition of CD36 allows it to exert several functions, depending on the cell type. Importantly, the capacity of CD36 to internalize modified lipoproteins (e.g., oxLDL), which facilitates cholesterol accumulation in MФ, links this receptor to the initiation and perpetuation of atherosclerosis.[@cit0027] Also, CD36 is intimately involved in the regulation of fatty acid uptake across the plasma membrane and the subsequent metabolism of this substrate.[@cit0034] Thus, it has been proposed that CD36 expression or function influences susceptibility to certain metabolic diseases, such as obesity, insulin resistance, and fatty liver disease.[@cit0035] In phagocytes, CD36 is also involved in phagocytosis and inflammation in response to pathogen aggression.[@cit0031] By analogy with membrane protein CD14, it has been suggested that CD36 functions as an accessory protein to present bacterial and modified host proteins to some TLRs.[@cit0040]

Here we studied the intracellular events that lead to human CD5L-mediated inhibition of TLR activation in monocytes.[@cit0005] More specifically, we focused our attention on TNF secretion by MФ stimulated with LPS from Gram-negative bacteria and with Pam3CSK4. The latter is a synthetic lipopeptide that mimics Gram-positive bacterial lipopeptides. Our findings revealed that CD5L activates PtdIns3K through interaction with cell surface CD36, thereby inducing autophagy mechanisms in MФ. As a result of increased autophagy, subsequent MФ stimulation with LPS and Pam3CSK4 resulted in downregulated inflammatory cytokine release (TNF and IL1B) and enhanced antiinflammatory IL10 secretion. In summary, our results provide the first evidence that scavenger receptor CD36 is involved in autophagy and support the notion that the CD5L-CD36 axis makes a significant contribution to cellular autophagy induction.

Results {#s0002}
=======

CD5L inhibits TLR-induced *TNF* mRNA synthesis and secretion {#s0002-0001}
------------------------------------------------------------

To study human CD5L function, we used 2 cellular MΦ models, namely the THP1 cell line, frequently used as a model for monocytes, and peripheral blood monocytes (PB monocytes) obtained from healthy donors. As mouse CD5L expression disappears in cultured cells[@cit0019] and neither THP1 MФ nor PB monocytes express detectable levels of human CD5L protein,[@cit0026] we generated a MФ cell line that stably expresses human CD5L (THP1-HsCD5L)[@cit0026] and produced a new recombinant form of this protein (r-HsCD5L) with improved yield to supplement PB monocyte cultures. We then analyzed whether THP1-HsCD5L MФ transfectants and the new r-HsCD5L produced and purified in our laboratory retained the potential to inhibit the TNF response to TLR stimuli in PB monocytes. Since TLR2 heterodimerizes distinctly in response to different ligands, we tested 2 of its agonists, Pam3CSK4 (TLR1/2 agonist) and Pam2CGDPKHPKSF (FSL1 \[TLR2/6 agonist\]), as well as LPS as a TLR4 agonist. THP1-HsCD5L MΦ secreted lower levels of TNF than control THP1-Vector MΦ in response to TLR2 and TLR4 agonists ([**Fig. 1A**](#f0001){ref-type="fig"}, left). Similar results were obtained upon addition of r-HsCD5L to PB monocytes prior to TLR stimulation ([**Fig. 1A**](#f0001){ref-type="fig"}, right). Quantitative PCR analysis suggested that inhibition of *TNF* responses occurred at the transcriptional level, because lower levels of TNF mRNA were observed in Pam3CSK4- or LPS -stimulated MΦ when CD5L was present ([**Fig. 1B**](#f0001){ref-type="fig"}). It has been reported that TLR2 and TLR4 undergo internalization upon ligand binding,[@cit0041] which results in a transient decrease in surface expression. Therefore, we questioned whether CD5L-induced differences in the response to Pam3CSK4 and LPS were due to modulation of the cell surface availability of their receptors. Flow cytometric analysis indicated that the expression of CD5L in THP1 MΦ or its addition to PB monocyte cultures did not modify TLR2 or TLR4 surface expression levels (**Fig. S1**). We also observed a decrease in surface expression of receptors 2 h after Pam3CSK4 or LPS addition, both in THP1-Vector MФ (70.5% ± 10.4 and 13.6% ± 3.3 reduction for TLR2 and TLR4, respectively) and PB monocytes (11.4% ± 2.1 and 8.9% ± 3.6 reduction for TLR2 and TLR4, respectively). This decrease was not altered by CD5L. Overall, these data suggest that the inhibition of TNF secretion by CD5L is not caused by a change in TLR2 and TLR4 surface expression or in ligand-dependent internalization, but rather by modified intracellular signaling. Figure 1.CD5L inhibition of TLR-induced TNF secretion is concomitant with a decrease in mRNA transcription. *(Left)* PMA-differentiated THP1-Vector (white boxes) and THP1-HsCD5L (black boxes) MФ and *(Right)* PB monocytes incubated for 24 h with 1 μg/ml albumin (ALB) as control protein (white-dotted boxes) or 1 μg/ml r-HsCD5L (black-dotted boxes) were (**A**) stimulated for 4 h with the indicated doses (ng/ml) of TLR agonists Pam3CSK4 (Pam3), Synthetic diacylated lipoprotein (FSL1), or lipopolysaccharide (LPS). Culture supernatant fractions were collected, and the amount of TNF was measured by ELISA. \**P* ≤ 0.05; \*\**P* ≤ 0.01; \*\*\**P* ≤ 0.001 2-way ANOVA (**B**) incubated with 100 ng/ml LPS or Pam3CSK4 (Pam3) for 1 h, and the amount of mRNA encoding *TNF* was measured by qPCR (data show mean fold change relative to untreated THP1-Vector ± SEM). Data show the mean values ± SEM from 3 independent experiments (for THP1 MФ) or PB monocytes obtained from 3 healthy donors. M are untreated cells (left in culture medium).

CD5L inhibits RELA phoshorylation and nuclear translocation in MФ {#s0002-0002}
-----------------------------------------------------------------

Given that TNF transcription is primarily controlled by the transcription factor NFKB, we next assessed phosphorylation of RELA/p65, a subunit of the NFKB complex, ([**Fig. 2A**](#f0002){ref-type="fig"}). Western blot analysis of cell lysates showed lower levels of phosphorylated RELA (Ser536) in Pam3CSK4- or LPS-treated THP1-HsCD5L MΦ than in control THP1-Vector MΦ. Likewise, addition of r-HsCD5L to PB monocytes prior to TLR stimulation lowered phospho- RELA levels in these cells. In accordance, a series of immunofluorescence analyses showed that CD5L reduced the nuclear:cytoplasmic ratio of the RELA subunit of the NFKB complex ([**Fig. 2B**](#f0002){ref-type="fig"}). Taken together, these data suggest that presence of CD5L lowers activation of this transcription factor in MФ. Figure 2(**See previous page**). CD5L inhibits RELA phosphorylation and subsequent nuclear translocation. (Left) PMA-differentiated THP1-Vector (white boxes) and THP1-HsCD5L (black boxes) MФ and (Right) PB monocytes incubated for 24 h with 1 μg/ml albumin (ALB) as control protein (white-dotted boxes) or 1 μg/ml r-HsCD5L (black-dotted boxes) were (**A**) stimulated for the indicated times with 1 μg/ml of Pam3CSK4 or LPS, lysed, and probed in western blot with an antibody specific to phosphorylated RELA (Ser536) and TUBB2A. Upper panel: Western blot images of a single experiment. Lower panel: mean of protein signal intensities ± SEM of 3 independent experiments (for THP1 MФ) or PB monocytes obtained from 3 healthy donors. Fold increase is relative to THP1-Vector MФ or ALB-PB monocytes at time 0 after normalization with the loading control protein TUBB2A. (**B**) Cells were stimulated with 1 μg/ml Pam3CSK4 (Pam3) or LPS for 1 h. Cells were fixed, and the RELA subunit of the NFKB complex was stained with a specific antibody (green) and nuclei with Hoechst dye (blue). Upper panel: representative confocal microscopy images of THP1 MФ *(left)* and PB monocytes *(right)*. Lower panel: mean nuclear vs. cytoplasmic RELA fluorescence intensity ratio values ± SEM in more than 200 cells scored in random fields, from 3 independent experiments (for THP1 MФ) or PB monocytes obtained from 3 healthy donors \**P* ≤ 0.05; \*\*\**P* ≤ 0.001, one-way ANOVA. M are untreated cells (left in culture medium).

Inhibition of TNF secretion by CD5L occurs via the PtdIns3K catalytic subunit PIK3C3 {#s0002-0003}
------------------------------------------------------------------------------------

We next examined the intracellular signaling mechanisms involved in TLR regulation by CD5L. As an initial approach, we analyzed the mitogen-activated protein kinase (MAPK) signaling cascade, because it plays a key role in regulating TLR activation.[@cit0047] Our results showed that the addition of pharmacological MAPK blockers did not alter the inhibitory effect of CD5L on TNF secretion (**Fig. S2A**). Moreover, time-course determination of MAPK phosphorylation by western blot assays on total Pam3CSK4- or LPS-stimulated THP1 MФ lysates confirmed these data. The activation of Pam3CSK4- and LPS-induced MAPK11/12/13/14 (p38β/γ/δ/α), MAPK8/9 (JNK1/2), and MAPK1/3 (ERK2/1) in CD5L-expressing cells was similar to that in control cells (**Fig. S2B**).

We then tested whether CD5L modulates the activation of PtdIns3K -pathway, because this pathway is important in regulating the inflammatory response of MФ.[@cit0047] The PtdIns3K superfamily comprises a large family of structurally related heterodimeric enzymes. These molecules are formed by a catalytic subunit and a regulatory or accessory subunit,[@cit0048] with differing phosphatidylinositol substrate requirements and modes of regulation,[@cit0048] class I and class III being the best known PI3K/PtdIns3K isoforms involved in the control of inflammation.[@cit0050] To determine which of these isoforms is preferentially activated by CD5L, we stimulated THP1 MΦ with Pam3CSK4 or LPS for 4 h in the presence of the following inhibitors: Pi-104 which targets the subunits of class I phosphoinositide 3-kinase (PI3K) PIK3CA/p110α, PIK3CB/p110β, PIK3CD/p110δ and PIK3CG/p110γ; IC87114, targeting class IA PI3K PIK3CD/p110δ; and the pan-PI3K/PtdIns3K inhibitors 3-methyladenine (3-MA), wortmannin or LY294002. Subsequently, we analyzed TNF production by ELISA. Interestingly, when pan-PtdIns3K was inhibited, similar concentrations of TNF were detected in TLR-stimulated THP1-HsCD5L MΦ as in control cells ([**Fig. 3A**](#f0003){ref-type="fig"}, Upper graphs). These data indicate that PtdIns3K repression reverted the inhibitory effect of CD5L over TNF secretion. Of note, of the 2 classes of PI3K/PtdIns3K molecules assayed, only by blocking PIK3C3, the catalytic subunit of the class III PtdIns3K, was TNF inhibition by CD5L abolished. Similar results were obtained in Pam3CSK4- and LPS-stimulated PB monocytes ([**Fig. 3A**](#f0003){ref-type="fig"}, Lower graphs). Figure 3.CD5L increases class III PtdIns3K. (**A**) THP1 MФ *(top)* and PB monocytes *(bottom)* preincubated with 1 μg/ml r-HsCD5L or ALB for 24 h were treated for 45 min with PtdIns3K inhibitors at the following concentrations: 1 μM Pi-103 (Pi-103, PI3K/p110α, β, γ, δ inhibitor), 1 μM IC87114 (IC, PI3K/p110δ inhibitor), 0.1 mM 3-MA (3-MA, PI3K/PtdIns3K inhibitor), 200 μM LY294002 (Ly, pan-PI3K/PtdIns3K inhibitor), 10 μM wortmannin (W, pan-PI3K/PtdIns3K inhibitor), or with DMSO as control. Cells were then incubated for 4 h with 100 ng/ml Pam3CSK4 or 100 ng/ml LPS, and culture supernatant fractions were collected and assayed for TNF production by ELISA. Mean values ± SEM from 4 independent experiments (for THP1 MФ) or PB monocytes obtained from 3 healthy donors performed in triplicate are shown. \**P* ≤ 0.05; \*\**P* ≤ 0.01; \*\*\**P* ≤ 0.001 Student *t* test. (**B**) To assay PtdIns3P cellular content, THP1 MФ *(left)* and PB monocytes *(right)* preincubated with 1 μg/ml r-HsCD5L or ALB for 24 h were treated for 45 min with 0.1 mM 3-MA (3-MA) or DMSO as control, and then incubated with 1 μg/ml Pam3CSK4 for 30 min when indicated. PtdIns3P was stained with a specific antibody (green) and nuclei with Hoechst dye (blue). Upper panel: representative confocal microscopy images of THP1 MФ *(left)* and PB monocytes *(right)*. Lower panel: mean PtdIns3P fluorescence intensity values ± SEM in more than 20 cells from independent experiments scored in random fields. \**P* ≤ 0.05; \*\*\**P* ≤ 0.001, one-way ANOVA.

PIK3C3 phosphorylates phosphatidylinositol to generate phosphatidylinositol 3-phosphate (PtdIns3P), a key phospholipid for membrane trafficking.[@cit0051] Using fluorescence microscopy and a PtdIns3P-specific antibody, we found that the cellular content of PtdIns3P increased slightly in THP1-Vector MΦ after Pam3CSK4 stimulation ([**Fig. 3B**](#f0003){ref-type="fig"}, left). Interestingly, already without TLR stimulation, THP1-HsCD5L-expressing MΦ triplicated their PtdIns3P levels as compared to control cells. Likewise, r-HsCD5L enhanced PtdIns3P levels in PB monocytes as compared to control ALB without the need for LPS or Pam3CSK4 addition ([**Fig. 3B**](#f0003){ref-type="fig"}, right). The addition of the PI3K/PtdIns3K inhibitor 3-MA largely abolished PtdIns3P staining in both cell types, suggesting a possible contribution of PIK3C3 to CD5L-enhanced PtdIns3P levels.

CD5L increases the levels of markers of autophagy and autophagy flux in macrophages {#s0002-0004}
-----------------------------------------------------------------------------------

PIK3C3, the catalytic subunit of the class III PtdIns3K, plays a key role in autophagy induction.[@cit0052] Moreover, our previous results indicate that CD5L promotes autophagy in THP1 MФ upon *M. tuberculosis* infection.[@cit0053] Here we further analyzed the effects of CD5L on the induction of MФ autophagy by bacterial Pam3CSK4 and LPS, given that these products have been described to induce autophagy.[@cit0054] THP1 MФ and PB monocytes were examined for the microtubule-associated protein 1 light chain 3 A/B (LC3)-II/LC3-I ratio as an autophagy marker in western blot of total cell lysates ([**Fig. 4A**](#f0004){ref-type="fig"}). AKT1/2/3 (Ser473) phosphorylation status was also examined because it increases in response to TLR activation and acts as a negative regulator of autophagy.[@cit0048] Pam3CSK4 stimulation increased the LC3-II/LC3-I ratio and also AKT phosphorylation (Ser473) in THP1-Vector MΦ. Most importantly, THP1-HsCD5L MΦ showed an enhanced LC3-II/LC3-I ratio, even under no stimulation ([**Fig. 4B**](#f0004){ref-type="fig"}, left). In contrast, AKT phosphorylation was markedly lower in these cells as compared to THP1-Vector MΦ. Noteworthy, total AKT protein was similar in both cell types, suggesting no differences in AKT content. Similar results were obtained in PB monocytes incubated with r-HsCD5L vs. control ALB ([**Fig. 4A**](#f0004){ref-type="fig"}, right). Figure 4(**See previous page**). CD5L promotes macrophage autophagy. (**A**) THP1 MФ *(left)* and PB monocytes *(right)* preincubated with 1 μg/ml r-HsCD5L or ALB for 24 h were stimulated with 0.5 μg/ml Pam3CSK4 for the indicated times, lysed, and probed in western blots with specific antibodies. Upper panel: Western blot images of a single experiment. Lower panel: mean of protein signal intensities ± SEM of 3 independent experiments. Fold increase is relative to untreated THP1-Vector MФ *(left)* and untreated PB monocytes *(right)* after normalization to the control protein TUBB2A. LC3 protein signal intensities were plotted as LC3-II/LC3-I ratio. (**B**) To determine autophagy flux, THP1 MФ *(left)* and PB monocytes *(right)* preincubated with 1 μg/ml r-HsCD5L or ALB for 24 h were treated for 45 min with autophagy inhibitor 3-MA (3-MA, 0.1 mM), or with DMSO used as a control. LC3 was then stained with a specific antibody (green), acidic organelles with LysoTracker Red (red), and nuclei with Hoechst dye (blue). Upper panel: representative confocal microscopy images showing LC3 and LysoTracker Red staining and colocalization (Merged). Lower Panel: mean ± SEM quantitative data showing LC3 puncta per cell (LC3^+^ puncta per cell) and LC3-LysoTracker Red colocalized puncta per cell (LC3^+^ LT^+^ puncta per cell) in 3 independent experiments (for THP1 MФ) or 3 blood donors, including at least 50 cells scored in random fields. (**C**) *(Left)* Western blot analysis of ATG7 protein silencing in THP1-HsCD5L MФ after transfection of a siRNA targeting *ATG7* (*ATG7*) or a nontargeting negative control (Ct). Detection of TUBB2A was used as a measure of equal loading. Silenced MФ were then stained for LC3, LysoTracker Red and nuclear detection as in B). *(Right)* Graphs depict mean ± SEM quantitative data showing LC3 puncta per cell (LC3^+^ puncta per cell) and LC3-LysoTracker Red colocalized puncta per cell (LC3^+^ LT^+^ puncta per cell) in 3 independent experiments, including at least 200 cells scored in random fields. \**P* ≤ 0.05; \*\**P* ≤ 0.01; \*\*\**P* ≤ 0.001, one-way ANOVA.

We next quantified autophagosome formation and autophagy flux by analyzing the amount of LC3 puncta per cell and the colocalization of LC3 puncta with acidic organelles, respectively[@cit0055] ([**Fig. 4B**](#f0004){ref-type="fig"}). For this purpose, cells were stained with an antibody against LC3 and also with LysoTracker Red, an acidotropic fluorescent dye that accumulates in acidic organelles. Even in the absence of Pam3CSK4 or LPS, THP1-HsCD5L cells almost quadruplicated the number of LC3 puncta per cell vs. THP1-Vector MΦ (13.27 ± 1.33 vs. 3.10 ± 0.33, *P* \< 0.0001 Student *t* test). Furthermore, a 6-fold increase in LC3-LysoTracker Red double-positive puncta as compared to THP1-Vector MΦ (3.77 ± 0.55 vs. 0.61 ± 0.19, *P* \< 0.0001 Student t test) was observed ([**Fig. 4B**](#f0004){ref-type="fig"} left). Accordingly, incubation of PB monocytes with r-HsCD5L almost triplicated LC3 punta formation (4.90 ± 0.39 vs. 1.82 ± 0.18, *P* \< 0.0001 Student *t* test) and quadruplicated LysoTracker Red colocalization (1.80 ± 0.41 vs. 0.44 ± 0.16; *P* 0.0007 Student *t* test) as compared to incubation with the control protein ALB ([**Fig. 4B**](#f0004){ref-type="fig"} right). Interestingly, addition of the PI3K/PtdIns3K inhibitor 3-MA, widely used as an autophagy blocker, inhibited all these effects. To reinforce these data, we performed experiments aimed at silencing the protein ATG7, an integral component of the cellular autophagy machinery.[@cit0056] SiRNA transfection targeting *ATG7* lowered its expression in THP1-HsCD5L MΦ ([**Fig. 4C**](#f0004){ref-type="fig"}, left), with a concomitant decrease in LC3 puncta formation and LC3-LysoTracker Red double-positive puncta in these cells, when compared to control, nontargeting siRNA ([**Fig. 4C**](#f0004){ref-type="fig"} right). Taken together, these data further support the notion that CD5L contributes to MΦ autophagy.

CD5L expression induces double-membrane vesicle formation in THP1 MФ {#s0002-0005}
--------------------------------------------------------------------

To further confirm that the process detected was indeed autophagy, we studied the formation of ribosome-free, smooth double membrane vesicles in THP1 MΦ.[@cit0055] The ultrastructural analysis of 25 sections/cell line using electron microscopy revealed the presence of one to 4 of these typical autophagosomal double-membrane vesicles in the cytoplasm of THP1-HsCD5L MΦ ([**Fig. 5**](#f0005){ref-type="fig"}). The vesicles were absent from the control THP1-Vector MΦ. Figure 5.Assessment of autophagy induction by CD5L by ultrastructural imaging. Electron microscopy of THP1 MФ. A representative image of 25 sections/cell line is shown (30,000 × magnification). Arrows and enlarged areas (1.5 × magnification) indicate autophagic organelles.

CD5L inhibits IL1B and enhances IL10 secretion, but does not have the same effect on their mRNA transcription {#s0002-0006}
-------------------------------------------------------------------------------------------------------------

To obtain a wider view of the immunomodulatory capacity of CD5L, we tested whether it modulated Pam3CSK4- or LPS-induced secretion of other cytokines, namely IL1B, IL6, and IL10. For this purpose, we analyzed the production of these cytokines, in supernatant fractions of PB monocytes 24 h after TLR stimulation ([**Fig. 6A**](#f0006){ref-type="fig"}). In these experiments TNF was also analyzed as a positive control (data not shown). The addition of r-HsCD5L did not induce the release of any of these cytokines when compared to control ALB, thereby suggesting that CD5L is not involved in the secretion of these cytokines in the absence of other stimuli. Upon Pam3CSK4 or LPS stimulation, however, the presence of r-HsCD5L lowered IL1B secretion and enhanced IL10 levels, while no effect was observed on IL6 secretion, as compared to the control ALB. Given that autophagy is known to suppress IL1B maturation rather than its mRNA transcription,[@cit0057] we analyzed the mRNA content of this cytokine in TLR- activated PB monocytes by real-time PCR ([**Fig. 6B**](#f0006){ref-type="fig"}). The addition of r-HsCD5L to PB monocytes did not apparently modify the mRNA levels of *IL1B*, thus reinforcing the notion that CD5L modulates the secretion of this cytokine post-transcriptionally. Similarly, addition of r-HsCD5L to PB monocytes did not affect *IL6* or *IL10* mRNA levels in response to TLR ligands ([**Fig. 6B**](#f0006){ref-type="fig"}). Similar real-time PCR results were obtained when we compared mRNA levels in THP1-HsCD5L MΦ to those of THP1-Vector MΦ (data not shown). Figure 6.CD5L inhibits IL1B and enhances IL10 protein secretion, both effects being reversed upon silencing of *ATG7* expression. (**A and B**) PB monocytes incubated with 1 μg/ml ALB or r-HsCD5L for 24 h and 100 ng/ml Pam3CSK4 (Pam3) or LPS were added to the cultures. (**A**) TLR agonists were incubated for 24 h, and the amount of IL1B, IL6 and IL10 was analyzed by multiplex cytokine assay. (**B**) TLR agonists were incubated for 6 h and the levels of mRNA encoding *IL1B*, *IL6* and *IL10* were analyzed by real-time RT-PCR. Mean values ± SEM from 3 blood donors performed in duplicate are shown. \**P* ≤ 0.05; Student *t* test. (**C**) THP1-HsCD5L cells were transfected with siRNA targeting *ATG7* or a nontargeting negative control (Ct), and stimulated with TLR agonists (100 ng/ml) for 4 h (for TNF detection) and 24 h (for IL1B and IL10 detection). Cytokine production in the supernatant fraction was quantified by ELISA. Mean values ± SEM of 4 experiments performed in triplicate are shown. \**P* ≤ 0.05; *t* test.

To reinforce the notion that CD5L-modulated cytokine release was due to enhanced autophagy, 2 sets of experiments were performed. First, we observed that r-HsCD5L-induced modulation of IL1B and IL10 protein secretion in PB monocytes did not occur when PtdIns3K phosphorylation was blocked by addition of wortmannin (data not shown). More relevantly, blockade of ATG7 expression in THP1-HsCD5L cells enhanced TNF and IL1B while lowering IL10 secretion in response to TLR induction, reverting thus the modulatory effect of CD5L ([**Fig. 6C**](#f0006){ref-type="fig"}). These findings suggest that CD5L downregulates inflammatory responses to Pam3CSK4 and LPS and that this effect is mediated, at least in part, by enhancing autophagy.

*CD36* silencing abolishes CD5L-induced autophagy and its modulation of inflammatory cytokine secretion {#s0002-0007}
-------------------------------------------------------------------------------------------------------

CD5L colocalizes with scavenger receptor CD36 on the cell surface[@cit0024] and mediates MФ uptake of oxLDL through CD36.[@cit0026] Consequently, we next tested whether CD36 is the receptor that mediates CD5L induction of MФ autophagy ([**Fig. 7**](#f0007){ref-type="fig"}). Flow cytometry analysis of THP1 cells revealed that transfection of a pool of 4 siRNAs targeting *CD36* silenced its expression in THP1 MΦ by ∼60% as compared with transfection of the negative control, a pool of 4 nontargeting siRNAs ([**Fig. 7A**](#f0007){ref-type="fig"}). Of note, microscopy analysis of *CD36*-silenced THP1-HsCD5L MФ compared with THP1-HsCD5L ones treated with nontargeting siRNA showed a reduction in LC3 puncta per cell and in LC3-LysoTracker Red double-positive puncta by 45% (8.95 ± 0.62 vs. 4.82 ± 0.34 *P* \< 0.0001 Student *t* test) and 30% (3.71 ± 0.5 vs. 2.49 ± 0.3 *P* = 0.032 Student *t* test), respectively ([**Fig. 7B**](#f0007){ref-type="fig"}). We then studied whether modulation of cytokine secretion by CD5L was mediated through CD36. *CD36* was silenced in THP1-HsCD5L MФ prior to TLR stimulation, and the amount of TNF, IL1B, and IL10 in cell supernatants was measured by ELISA. *CD36* silencing in THP1-HsCD5L MФ increased TNF and IL1B release and decreased IL10 production in response to TLR activation as compared to control siRNA-treated MФ ([**Fig. 7C**](#f0007){ref-type="fig"}). We next addressed whether CD36-dependent CD5L-triggered autophagy was induced by exogenous addition of r-HsCD5L to THP1-Vector MΦ. With this goal, we incubated THP1-Vector MΦ with r-HsCD5L or ALB for 24 h and determined autophagosome formation and autophagy flux ([**Fig. 7D**](#f0007){ref-type="fig"}). Low levels of LC3 puncta formation as well as LC3-LysoTracker Red colocalization were observed in ALB-incubated cells, which were not affected by *CD36* silencing. In contrast, r-HsCD5L addition triplicated the number of LC3 puncta per cell (6.81 ± 0.46 r-HsCD5L vs. 2.41 ± 0.31 ALB, *P* \< 0.0001 Student *t* test) and that of LC3-LysoTracker Red double-positive puncta (2.26 ± 0.26 vs. 0.61 ± 0.19, *P* \< 0.0001 Student *t* test) in cells treated with nontargeting control siRNA. The effect of r-HsCD5L was reduced upon inhibition of *CD36* expression by siRNA treatment in terms of LC3 puncta formation (6.81 ± 0.46 siRNA control vs. 3.46 ± 0.30 siRNA CD36; *P* \< 0.0001) and LC3-LysoTracker Red colocalization (2.26 ± 0.26 siRNA control vs. 1.4 ± 0.22 siRNA CD36, *P* = 0.0164). These results suggest that MФ autophagy is induced by exogenous r-HsCD5L addition to CD36-positive cells not expressing CD5L. All together, our findings indicate that CD36 is the receptor that mediates CD5L-induced autophagy and subsequent CD5L-regulated TNF, IL1B, and IL10 secretion. Figure 7.*CD36* silencing reduces CD5L-induced autophagy and reverts CD5L-regulated cytokine secretion in THP1 MФ. Cells were transfected with siRNA targeting *CD36* or a nontargeting negative control (Ct). (**A**) CD36 surface expression was analyzed by flow cytometry with a specific antibody. Graph showing the mean results of 4 independent experiments. MFI, mean fluorescence intensity. (**B**) Autophagy flux was assessed upon *CD36* silencing in THP1-HsCD5L MФ. Upper panels: representative confocal microscopy images showing staining of LC3 with a specific antibody (green), acidic organelles with LysoTracker Red (red), nuclei with Hoechst dye (blue), and colocalization (Merged). Lower panels: mean ± SEM quantitative data show LC3 puncta per cell (LC3^+^ puncta per cell) and LC3-LysoTracker Red colocalized punta per cell (LC3^+^ LT^+^ puncta per cell) in 3 independent experiments including at least 50 cells scored in random fields. (**C**) SiRNA-treated THP1-HsCD5L MФ were stimulated for 24 h with 100 ng/ml Pam3CSK4 or LPS, culture supernatant fractions were collected, and the amount of TNF, IL1B, and IL10 was measured by ELISA. Mean values ± SEM from 3 independent assays performed in triplicate are shown. (**D**) Autophagy flux was assessed in *CD36*-silenced THP1-Vector MФ after incubation with 1 μg/ml r-HsCD5L or 1 μg/ml ALB for 24 h. The analysis was performed by confocal microscopy as in B). \**P* ≤ 0.05; \*\**P* ≤ 0.01; \*\*\**P* ≤ 0.001, Student *t* test.

Discussion {#s0003}
==========

Here we report on a novel role for CD5L in the regulation of MΦ homeostasis, showing that this protein activates autophagy in this cell type through the CD36 receptor. Consequently, CD5L prevents TLR-induced TNF and IL1B secretion, with a concomitant increase in IL10 levels, thereby downregulating the MΦ inflammatory reaction. Our findings are of relevance because inflammation can lead to excessive self-aggression and pathology when not finely regulated.

To study the regulation of MΦ TLR responses by CD5L, the amount TNF in the cell culture supernatant was taken as an indirect measure of CD5L activity. In this regard, a series of experiments were performed to modulate the intracellular pathways in such a way to revert the inhibitory effects of CD5L over TNF production. To induce MΦ TNF secretion, we chose the TLR agonists Pam3CSK4 and LPS as they are established TLR2/1 and TLR4 activators. In initial experiments, stable expression of CD5L in THP1 MΦ and our newly generated r-HsCD5L inhibited TLR-induced TNF, as we previously reported.[@cit0005] These results suggest that CD5L expression in the THP1 cell line and r-HsCD5L are adequate tools by which to study CD5L modulation of MФ inflammatory responses.

We next sought to determine whether the lowered TNF response promoted by CD5L is due to modulation of TLR surface expression and/or internalization. We focused on this issue because TLRs undergo internalization upon ligand binding and this permits signaling from endosomal compartments and the generation of distinct outcomes.[@cit0058] In our hands, cytometry-staining experiments showed that CD5L induced no change in TLR2 or 4 levels at the cell surface, thus discarding the participation of this protein in the regulation of the availability of these receptors at the cell surface.

To decipher the intracellular events modulated by CD5L, we analyzed 2 signaling pathways relevant for TLR signaling, namely the MAPK and PtdIns3K pathways.[@cit0047] The MAPK and PtdIns3K signaling inhibitors were expected to revert the inhibitory effects of CD5L over TNF production. Data on MAPK pharmacological inhibition, supported by western blot analysis of cell lysates, suggested that MAPK activity is crucial for TLR signaling.[@cit0047] Of relevance for our studies, the data showed that CD5L does not modulate TLR2- or TLR4-induced MAPK activation in MФ.

On the contrary, our results from PtdIns3K pharmacological inhibition experiments suggested that CD5L triggers PtdIns3K activation. This notion is supported by the observation that lower TNF levels induced in the presence of CD5L were restored by wortmannin and LY294002, 2 synthetic pan-PI3K/PtdIns3K inhibitors. Our results are in accordance with the anti-inflammatory role of PtdIns3K.[@cit0050]

Analysis of the PtdIns3K isoform that participates in the CD5L modulation of TNF secretion indicated that this was preferentially the PIK3C3 pathway. These results are of relevance because PIK3C3 is linked to the activation of autophagy,[@cit0048] and, in fact, autophagosome formation is blocked in its absence.[@cit0052] In support of the pharmacological inhibitor data that suggest that CD5L activates PIK3C3, we found that CD5L increased the cellular content of its metabolic product, PtdIns3P, in both THP1 MΦ and PB monocytes. Interestingly, this enhancement occurred without the addition of LPS or Pam3CSK4. PtdIns3P may also be produced via PIK3C3-independent mechanisms, including dephosphorylation of PtdIns(3,4,5)P~3~ by PtdIns 5-phosphatases and 4-phosphatase[@cit0059] or through class II PI3K molecules that also contribute to PtdIns3P synthesis.[@cit0060] However, our data suggest that CD5L preferentially enhances PtdIns3P levels through PIK3C3, since the signal was abrogated in the presence of the PI3K/PIK3C3 inhibitor 3-MA.

Our previous results in an in vitro model of *M. tuberculosis* infection indicated that CD5L promotes MΦ mycobactericidal activity by enhancing autophagy mechanisms, such as autophagosome formation, as well as acidification of mycobacterial-containing phagosomes.[@cit0053] Together, these data point to the participation of CD5L in promoting autophagy. In accordance, CD5L enhanced the LC3-II/-I ratio and downmodulated AKT (Ser473) phosphorylation in both THP1 MΦ and PB monocytes. Our data support the notion that AKT is a negative regulator of autophagy.[@cit0048] Moreover, given that AKT is phosphorylated by class I PI3K, our western blot data are consistent with the results on pharmacological inhibition of class I PI3K, which did not affect CD5L-mediated inhibition of TNF.

Further examination of autophagy markers reinforced the notion that CD5L induces autophagy in MΦ. In this regard, in both THP1 MФ and PB monocytes, CD5L increased LC3 puncta and LC3-LysoTracker Red-positive puncta per cell, and these effects were inhibited by the addition of 3-MA, the specific autophagy blocker. Likewise, silencing of ATG7, a key component of the autophagy signaling network, lowered LC3 puncta and LC3-LysoTracker Red-positive puncta per cell in THP1-HsCD5L MΦ. Furthermore, the elevated number of autophagosomes observed in THP1-HsCD5L cells by electron microscopy reinforces the notion that CD5L activates autophagy mechanisms in MΦ.

Modulation of cytokine responses by CD5L was not restricted to TNF. Lowered IL1B and enhanced IL10 protein secretion suggest a broader anti-inflammatory role of CD5L in MΦ. However, CD5L may target a specific subset of cytokines since it did not modify IL6 protein levels. Accordingly, in a previous study we observed that the chemokine IL8 was enhanced by CD5L expression in THP1 MФ.[@cit0053] Further research is underway to analyze the modulation of MΦ chemokine/cytokine production by CD5L. Of relevance for the present study, CD5L modulation of TNF, IL1B, and IL10 were reverted by silencing of the ATG7 protein. Moreover, we found that CD5L inhibited TLR-induced IL1B secretion but did not apparently modify mRNA synthesis of this molecule, suggesting a post-translational effect in the processing of the IL1B protein. Because it is well known that autophagy inhibits the maturation of IL1B protein rather than its mRNA synthesis,[@cit0061] these data reinforce the concept that CD5L activates autophagy. Similarly, CD5L enhanced IL10 protein secretion but did not alter *IL10* mRNA levels upon TLR activation, which may suggest that autophagy also participates in IL10 protein processing in MФ.

Given that CD5L is a secreted protein, we next sought to determine the cellular receptor that mediates CD5L induction of autophagy in MΦ. We analyzed the CD36 receptor because of previous evidence that links the activity of these 2 molecules.[@cit0024] Flow cytometry analysis showed that CD5L induced higher MΦ cell surface expression of CD36, as previously observed.[@cit0026] Interestingly, in THP1-Vector MΦ, silencing of *CD36* alone did not alter autophagy markers, which were almost absent, suggesting that this receptor does not modulate autophagy in basal conditions. In contrast, the reduction in CD36 cell surface receptor availability in CD5L-expressing MΦ lowered CD5L-induced LC3 puncta formation and LC3-LysoTracker Red colocalization. Our data from the *CD36* silencing experiments further indicate that this receptor is involved in the anti-inflammatory mechanisms mediated by CD5L (i.e., enhanced TNF and IL1B, and lowered IL10 secretion). Interestingly, the addition of r-HsCD5L to non-CD5L-expressing MФ yielded similar results. Therefore, taken together, our data suggest that CD5L modulation of TLR activation occurs by enhancement of autophagy through CD36. The lack of an evident decrease in LC3 puncta/LC3-LT^+^ in THP1-Vector MΦ with silenced *CD36* expression points to a role for CD5L in increasing PIK3C3 signaling directly, rather than indirectly by increasing CD36 levels. However, given that the levels of the autophagy markers were very low in these cells, these data are not conclusive and further experiments are needed to solve this issue.

In contrast to our results, *cd36* knockout mouse macrophages have not shown an elevated reactivity to TLR ligands in other studies.[@cit0031] These assays were performed under culture conditions where CD5L expression has been shown to disappear.[@cit0019] The lack of CD5L expression may therefore explain the observed differences on CD36 function.

In mouse models and in humans, elevated levels of CD5L occur in conditions with inflammatory components such as LPS-induced fulminant hepatitis[@cit0020], *M. tuberculosis* infection,[@cit0053] obesity,[@cit0025] liver cirrhosis,[@cit0012] and allergic asthma,[@cit0063] among others. Therefore, in these scenarios, high expression of CD5L may act in an autocrine fashion on MΦ to modulate inflammatory responses. Moreover, functional studies in the mouse have associated CD36 and CD5L with the pathogenesis of several infectious and inflammatory diseases in which MΦ play a central role. However, only in 2 settings have both proteins been found to act in concert. In the first, atherosclerosis, CD5L mediates oxLDL uptake by CD36 on MΦ,[@cit0026] and in the second, obesity, CD5L is internalized into adipocytes through CD36, where it interacts with cytosolic FASN (fatty acid synthase) thereby reducing its activity.[@cit0024] Given that autophagy regulates lipid metabolism and is implicated in adipose tissue biology,[@cit0064] we hypothesize that CD5L could also play a role in adipocyte biology, namely by enhancing autophagy in these cells.

Our data now suggest a third functional connection, the activation of autophagy in MΦ and subsequent inhibition of a subset of TLR agonists. Given that CD36 is a multiligand receptor that cooperates with TLR receptor signaling, our results raise the possibility that CD5L also interferes with TLR ligand recognition.

In summary, our results provide new findings on CD5L that are highly relevant for our knowledge of MΦ homeostasis. Furthermore, they reveal a new function for the CD36 receptor as an inducer of MΦ autophagy through CD5L. Our results open up a new perspective of the role of the CD5L-CD36 axis in cellular homeostasis that could be associated with the pathogenesis of those serious inflammatory conditions in which these proteins are involved.

Materials and Methods {#s0004}
=====================

Reagents {#s0004-0001}
--------

Phosphate-buffered saline (PBS) was composed of 150 mM NaCl (Sigma-Aldrich, S5886), 8 mM Na~2~HPO~4~ (MERK, 10039--32--4), 1.5 mM NaH~2~PO~4~ (MERK, 13472--35--0), pH 7.4; Tris-buffered saline (TBS) was composed of 140 mM NaCl, 50 mM Tris-HCl (VWR, 28811.295), pH 7.4. Blocking buffer for flow cytometry studies was PBS containing 10% human AB serum (Sigma-Aldrich, H4522), 2% fetal calf serum (FCS; Lonza, DE14--801F), and 0.02% NaN~3~ (Sigma-Aldrich, S2002). TBS lysis buffer was 20 mM Tris, pH 7.5, containing 150 mM NaCl, 1 mM EDTA (EDS), 1 mM EGTA (E3889), 1% Triton X-100 (X100), 1 mM Na~3~VO~4~ (S6508), 1 mM PMSF (P7627), and complete protease inhibitor cocktail (P8340), all from Sigma-Aldrich.

Cells and cell lines {#s0004-0002}
--------------------

The generation of stably transfected THP1-Vector and THP1-HsCD5L cell lines was described in Amézaga et al.[@cit0026] Cells were grown in culture medium (RPMI-1640 2 mM glutamine \[Lonza, BE12--702F\], 100 U/mL penicillin, and 100 μg/mL streptomycin \[Sigma-Aldrich, P0781\] supplemented with 10% heat-inactivated FCS \[Lonza, DE14--840E\] and 250 μg/mL geneticin \[Gibco, 11811031\]). Prior to the experiments, cells were differentiated to macrophages (MФ) by incubation with 10 ng/mL of phorbol 12-myristate 13-acetate (PMA; Sigma-Aldrich, P8139) in culture medium for 48 h. They were then washed with PBS and grown in culture medium for 24 h before experiments were performed. These cells are referred to as THP1 MФ.

Buffy coats, provided by the Blood and Tissue Bank (Barcelona, Spain), were obtained from healthy blood donors following the institutional standard operating procedures for blood donation and processing. Peripheral blood mononuclear cells were isolated by Ficoll-Paque (GE Healthcare, 17--1440) density gradient centrifugation at 400 × *g* for 25 min, and CD3^+^ cells were depleted by RosetteSep human CD3 depletion cocktail (StemCell Technologies, 15621). Recovered cells were washed twice in PBS and counted using Perfect-Count microspheres (Cytognos, CYT-PCM), following the manufacturer\'s instructions. Peripheral blood monocytes (PB monocytes) were obtained by positive selection using human CD14 MicroBeads and autoMACS columns (Miltenyi Biotec, 130--050--201/ 130--021--101).[@cit0026] To assess the effect of human (*Homo sapiens* CD5L) (hsCD5L) on PB monocytes, these cells were incubated for 24 h in culture medium with 1 μg/ml albumin purified from human plasma (ALB), used as control protein (Grifols, 670612.1), or 1 μg/ml endotoxin-free recombinant CD5L (r-HsCD5L) (\<1.0 EU per 1 μg of the protein by the LAL method). In these experiments, r-HsCD5L was from 2 sources; an affinity purified His-tagged r-HsCD5L produced in the mouse myeloma cell line NS0 (R&D systems, 2797) and an in-house produced r-HsCD5L expressed in Chinese Hamster Ovary cells, as detailed below.

Production of recombinant human CD5L {#s0004-0003}
------------------------------------

The cDNA of human *CD5L* (hs*CD5L*) was obtained by gene synthesis (GenScript) following NCBI reference sequence NP_005885.1, with a modification in which the immunoglobulin g chain signal peptide replaced that of *CD5L*. The cDNA was cloned into the p.evi vector and transiently transfected into CHO K1 cells using the eviFect system (Evitria AG). Cells were grown in eviMake, a chemically defined, serum-free, animal component-free medium. The cell culture supernatant fraction was harvested at d 8 after transfection, dialyzed to 20 mM Na~2~HPO~4~, pH 7.4 and subjected to MonoQ chromatography. Recombinant human CD5L (r-HsCD5L) was eluted in a sodium chloride gradient, and purification was monitored by SDS-PAGE. Purified protein was dialyzed to PBS, concentrated by centrifugation on Amicon ultra (Millipore, UFC901024), and possible endotoxin contamination was removed by Endotrap columns (Hyglos GmbH, 321063), following the manufacturer´s protocol and as performed before.[@cit0005] As mentioned above, the purified r-HsCD5L was tested in preliminary experiments, where its activity in terms of MФ TNF secretion, as well as inhibition of apoptosis induced by cycloheximide treatment, was comparable to that of commercially available r-HsCD5L (R&D Systems) (data not shown).

Measurement of cytokine secretion {#s0004-0004}
---------------------------------

THP1 MФ (5 × 10^4^ cells/well) or PB monocytes (10^5^ cells/well) were stimulated with TLR agonists, including LPS (from *E. coli* 0111:B4), Pam3CSK4 (Pam3), and FSL1 (InvivoGen, tlrl-eblps, tlrl-pms and tlrl-fsl, respectively), diluted in culture medium containing 5% FCS, at the indicated concentrations. After 4 h, culture supernatant fractions were collected and assayed for TNF production with the OptEIA ELISA, following the manufacturer\'s instructions (BD Biosciences, 555212). In experiments using THP1-HsCD5L MФ treated with siRNA targeting *ATG7* or *CD36* expression, cells were siRNA-transfected, allowed to differentiate (see below), and then TLR-stimulated (5 × 10^4^ cells/well) as above. Levels of TNF, IL1B, and IL10 in the culture supernatant fractions were analyzed with OptEIA ELISA, following the manufacturer\'s instructions (BD Biosciences, 555212, 557953, 555157). Color was developed by adding 3,3′,5,5′-tetramethylbenzidine liquid substrate (Sigma-Aldrich, T8665), and the optical density was read at 650 nm on a Varioskan Flash microplate reader (ThermoFisher Scientific Inc. Vantaa, Finland).

Supernatant fractions from Pam3CSK4- or LPS--stimulated PB monocytes were also collected at 24 h and analyzed for TNF, IL1B, IL6, and IL10 production using a Procarta Human Cytokine Profiling kit (Affymetrix), following the protocol described by the manufacturer. Bead fluorescence readings were done on a Luminex 100 analyzer (Luminex Corp. Austin, TX, USA).

In experiments performed in the presence of signaling inhibitors, these compounds were added 45 min prior to TLR stimulation at the following concentrations: 20 μM SB203580, 50 μM SP600125, 100 μM PD98059, 10 μM wortmannin, 200 μM LY294002 (InvivoGen, tlrl-sb20, tlrl-sp60, tlrl-pd98, tlrl-wtm and tlrl-ly29, respectively), 1 μM Pi-103, 1 μM IC87114 (from Echelon Bioscience Inc., b-0303/b-0305/b-0301), and 0.1 mM 3-methyladenine (Sigma-Aldrich, M9281). Dimethyl sulfoxide (DMSO; Sigma-Aldrich, 472301), used to dilute the inhibitors, was added to control wells.

Flow cytometric analysis of TLR4, TLR2, and CD36 cell surface expression {#s0004-0005}
------------------------------------------------------------------------

2 × 10^5^ THP1 MФ or PB monocytes in culture medium or incubated with 1 μg/ml of LPS or Pam3CSK4 for 2 h were detached with Accutase (Sigma-Aldrich, A6964), washed twice in ice-cold PBS, and incubated with 100 μl of blocking buffer for 30 min on ice. Cells were then incubated with 1 μg monoclonal antibody (moAb) anti-TLR2 (R&D Systems, MAB2616), moAb anti-TLR4 (Affymetrix, 14--9917), or moAb anti-CD36 (ImmunoTools GmbH, 21270363) for 90 min at 4°C in blocking buffer. Cells were washed once with 3 ml PBS containing 2% FCS and 0.02% NaN~3~ (washing buffer), and incubated, when needed, with fluorescein isothiocyanate-conjugated anti-mouse IgG/IgM antibody (BD Biosciences) in blocking buffer for 45 min at 4°C. After washing cells with 3 ml washing buffer, flow cytometric analysis was performed on a FACSCantoII instrument (BD, San Jose, CA 95131 USA) and using FACSDiva software (BD Biosciences).

Western blot analysis of cell lysates {#s0004-0006}
-------------------------------------

For cell signaling analysis, THP1 MФ (1.5 × 10^6^ cells/well) or PB monocytes (210^6^ cells/well) were plated in 6-well plates and incubated at 37°C with 0.5 μg/ml of Pam3CSK4 or LPS for the indicated periods of time. To determine inhibition of ATG7 protein expression by siRNA treatment, 10^5^ cells were transfected with the indicated siRNA (see below). Cells were then washed in cold TBS and lysed in TBS lysis buffer for 30 min at 4°C. Nuclei and cell debris were removed by centrifugation at 8000 × *g* for 15 min, and protein concentration was measured with the BCA protein assay reagent kit (Thermo Fisher, 23227), following the manufacturer\'s instructions. We resolved 40 to 50 μg of protein from cell lysates in 10% SDS-polyacrylamide gels (12% for LC3 analysis) under reducing conditions and electrophoretically transferred them to nitrocellulose membranes (Bio-Rad Laboratories, 162--0115). These were then blocked with Starting Block TBS buffer (Thermo Fisher Scientific Inc., PI37542) for 1 h at room temperature and incubated overnight at 4°C with the indicated antibodies (polyclonal antibody \[poAb\] anti-phosphorylated RELA \[Ser536; Millipore, EP2294Y\], MAPK11/12/13/14/ \[p38β/γ/δ/α, Thr180/Tyr182\], MAPK1/3 \[ERK2/1, Thr202/Tyr204\], MAPK8/9 \[SAP/JNK1/2, Thr183/Tyr185\], AKT \[Ser473\], anti-AKT \[pan\] \[Cell Signaling Technology, 9211, 9101, 4668, 4060, and 4691, respectively), poAb anti-LC3 \[Novus Biologicals, NB100--2220\], or poAb anti-ATG7 \[Cell Signaling Technology, 8558\]) diluted in blocking buffer. Blots were also probed against TUBB2A \[mAb anti-TUBB2A; Sigma-Aldrich, T9026\] to determine equal loading. The membranes were subsequently incubated with the appropriate fluorescently coupled secondary antibodies (IRDye680Cw-conjugated goat anti-rabbit IgG or IRDye 800Cw-conjugated goat anti-mouse IgG, LI-COR Biosciences, 926--32221 and 926--32210, respectively) diluted in blocking buffer for 60 min at room temperature. Three 15-min washes between steps were performed with TBS-0.01% Tween 20 (MERK 8.22184.0500). Bound antibody was detected with an Odyssey Infrared Imager (LI-COR, Lincoln, NE, USA), and densitometric analysis was performed using the Odyssey V.3 software (LI-COR).

Fluorescence microscopy studies {#s0004-0007}
-------------------------------

THP1 MФ (5 × 10^4^ cells/well) or PB monocytes (10^5^ cells/well) were plated on Millicell EZ slides (Merck Millipore, PEZGS0816) and incubated with 1 μg/ml LPS or Pam3CSK4. Alternatively, cells were incubated in the presence or absence of 1 mM of 3-MA (Sigma-Aldrich, M9281), which was added 45 min prior to analysis. To determine autophagy flux, culture medium was replaced with prewarmed RPMI containing 100 nM LysoTracker Red (Molecular Probes, L7528), and cells were incubated at 37°C for 1 h. They were then washed once with PBS and fixed with PBS containing 4% paraformaldehyde (Panreac, 141451) for 30 min at room temperature. Next, they were incubated with a moAb anti-PtdIns3P (Echelon Bioscience Inc.., Z-P003), a poAb anti-LC3 (Novus Biologicals, NB100--2220) or a poAb anti- RELA (Cell Signaling Technology, 8242) in PBS containing 0.3% Triton X-100 and 10% human AB serum (Sigma-Aldrich, X100/H4522) for 24 h at 4°C. Cells were subsequently incubated with fluorescein isothiocyanate-conjugated anti-mouse IgG/IgM antibody (BD Biosciences, 555988) or Alexa Fluor® 647 F(ab\')~2~ fragment of goat anti-rabbit IgG (Molecular Probes, A-21246) for 1 h at room temperature in PBS containing 0.3% Triton X-100. Between steps, unbound antibodies were removed with 3 washes with PBS. Finally, nuclei were stained with PBS containing 800 nM Hoechst solution (Molecular Probes, H3570) for 10 min at room temperature. Cells were washed 3 times with PBS, and coverslips were mounted in Fluoromount media (Sigma-Aldrich, F4680) and left at 4°C overnight.

The slides were examined under an Axio Observer Z1 DUO LSM 710 confocal system (Carl Zeiss Microscopy GmbH, Jena, Germany) and analyzed with ZEN Black software (Carl Zeiss Microscopy GmbH). Fluorescence intensity as well as was the RELA nuclear:cytoplasm ratio were quantified using ImageJ software (National Institutes of Health). RELA translocation was quantified in 250 cells from 3 independent experiments as described.[@cit0065] LC3 and LC3-LysoTracker Red colocalized puncta per cell were determined using a green and red puncta colocalization macro[@cit0066] and ImageJ software in threshold images with sizes from 3 to 30 pixel^2^ and puncta circularity 0.8 to 1 in more than 50 cells from 3 independent experiments scored in random fields.

Electron microscopy {#s0004-0008}
-------------------

THP1 MФ (10^7^) were fixed with 2.5% glutaraldehyde in phosphate buffer. They were kept in the fixative for 2 h at 4°C. They were then washed with the same buffer and postfixed with 1% osmium tetroxide in the same buffer containing 0.8% potassium ferricyanide at 4°C. Then the samples were dehydrated in acetone, infiltrated with Epon resin (Electron Microscopy Sciences, RT 14120) for 2 d, embedded in the same resin, and polymerized at 60°C for 48 h. Ultrathin sections were obtained using a Leica Ultracut UC6 ultramicrotome (Leica Microsystems, Vienna) and mounted on Formvar-coated copper grids. They were stained with 2% uranyl acetate in water and lead citrate. Next, 25 sections/cell line were observed in a JEM-1010 electron microscope (Jeol, Tokyo 196--8558, Japan).

Measurement of cytokine mRNA levels by real-time PCR {#s0004-0009}
----------------------------------------------------

THP1 MФ (1.5 × 10^6^ cells/well) or PB monocytes (2.5 × 10^6^ cells/well) were incubated for 1 h or 6 h in RPMI medium containing 5% FCS and 100 ng/ml LPS or Pam3CSK4 (Pam3). Cells were washed with PBS and disrupted with QIAzol Lysis Reagent (Qiagen, 79306), and total RNA was extracted using the miRNeasy Mini Kit (Qiagen, 217004). Total RNA (1 μg) was reverse transcribed using the Transcriptor First Strand cDNA Synthesis Kit (Roche, 04379012001). Each RT reaction was then amplified in a LightCycler® 480 PCR system using the KAPA SYBR Fast Master Mix (KAPA Biosystems, 51230--100). Samples were incubated for an initial denaturation at 95°C for 5 min, then 40 PCR cycles were performed using the following conditions: 95°C for 10 s, 60°C for 20 s and 72°C for 10 s. The following primer pairs were used: 5´- GAGGAGGCGCTCCCCAAGAAG -3´ and 5´- GTGAGGAGCACATGGGTGGAG -3´ for *TNF*; 5´- ACGCTCCGGGACTCACAGCA -3´ and 5´- TGAGGCCCAAGGCCACAGGT-3´for IL1B; 5´-TCGAGCCCACCGGGAACGAA-3´ and 5´-GCAGGGAAGGCAGCAGGCAA -3´ for *IL6*; 5´-CGTGGAGCAGGTGAAGAATG-3´ and 5´-AGAGCCCCAGATCCGATTTT-3´ for *IL10*; and 5´-TCTTCTTTTGCGTCGCCAG-3´ and 5´-AGCCCCAGCCTTCTCCA-3´ for *GAPDH* (glyceraldehyde 3-phosphate dehydrogenase). Gene expression values were normalized to the expression levels of *GAPDH*. Fold induction levels were calculated using as a reference the levels of expression of each gene at time 0 for THP1-Vector cells or those of ALB-treated PB monocytes.

Silencing of *ATG7* and *CD36* expression {#s0004-0010}
-----------------------------------------

To silence *ATG7* and *CD36* expression, undifferentiated THP1 cells were transfected with 10 nM of a set of 4 siRNAs targeting either *ATG7*, *CD36*, or an equal concentration of a nontargeting negative control pool (ON-TARGET plus siRNA, Thermo Fisher Scientific Inc., L-020112--00, L-010206--00, and D-001810--10, respectively) using INTERFERin (Polyplus, 409), as previously performed,[@cit0026] following the manufacturer´s instructions. After 24 h, the medium was replaced, and cells were differentiated for 24 h with culture medium supplemented with 50 ng/ml PMA. Next, PMA-containing medium was replaced by culture medium, and cells were incubated for further 24 h before being tested for ATG7 or CD36 expression by western blot and flow cytometry analysis, respectively. Cells were then used in the functional assays described above.

Statistical analysis {#s0004-0011}
--------------------

Data are presented as mean ± SEM of at least 3 experiments. Two-way ANOVA, one-way ANOVA or Student *t* test statistical analyses were performed with Graphpad Prism V.5 software. Values of *P* ≤ 0.05 were considered significant.
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